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Abstract
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Infective endocarditis (IE) is an inflammatory disease caused by the infection of the endocardium or heart valves by pathogenic microor-

ganisms. It is characterized by diagnostic challenges, difficult treatment, and high mortality. Multimodal imaging techniques, including
echocardiography, computed tomography (CT), magnetic resonance imaging (MRI), and nuclear medicine imaging, play a crucial role
in the diagnosis of I[E. Echocardiography is the first-line imaging modality for suspected IE. Cardiac CT, with its excellent spatial resolu-
tion and three-dimensional (3D) reconstruction capabilities, is helpful in detecting paravalvular abscesses, fistulas, and pseudoaneurysms.
MRI has advantages in identifying neurological complications and assessing myocardial involvement. Nuclear imaging demonstrates

high specificity in detecting prosthetic valve IE and device-related infections. These imaging techniques are important in detecting

perivalvular complications, evaluating local and distant spread of infection, and guiding therapeutic interventions, thereby enhancing the

diagnostic and therapeutic management of IE.
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1. Introduction

Infective endocarditis (IE) is a severe and potentially
life-threatening disease characterized by the infection of
cardiac valves and involvement of multiorgan systems. Al-
though therapeutic strategies have improved, the overall
mortality remains high. Data from the 2019 Global Burden
of Disease Study indicate that IE has an estimated global
incidence of 13.8 cases per 100,000 patient-years, with a
marked gender disparity—610,000 cases reported in males
versus 480,000 in females. In-hospital mortality persists at
approximately 20%, accounting for 66,300 global deaths in
2019, a 131% increase since 1990 [1-3]. A prompt and pre-
cise diagnosis is critical for initiating therapy and enhancing
long-term prognosis.

The pathogenesis and complications of IE stem from
the intricate interactions among pathogenic microorgan-
isms, valve endothelium, and host immune responses. Me-
chanical injury combined with inflammation usually causes
endothelial injury, leading to the exposure of the suben-
dothelial extracellular matrix. This pathological change
triggers platelet activation and the subsequent formation of
fibrin-platelet aggregates, a phenomenon clinically known
as non-bacterial thrombotic endocarditis (NBTE) [4]. Dur-
ing the onset of bacteremia, circulating pathogens adhere to

cardiac structures through surface protein-mediated inter-
actions with platelets and endothelial cells, promoting the
colonization of microorganisms on the endocardium sur-
faces and the progression of thrombotic lesions [5] (Fig. 1).
Invasive infections stimulate inflammatory cell infiltration,
cytokine cascade reactions, and the release of coagulation
factors. These collective mechanisms promote the forma-
tion of vegetations, which result in irreversible valvular de-
struction. During the acute phase of IE, embolic vegetations
may obstruct vascular beds, especially in cerebral and pul-
monary circulation.

According to the 2023 European Society of Car-
diology (ESC) Guidelines and the updated modified
Duke criteria, blood culture analysis and multimodal-
ity imaging are the cornerstone diagnostic modalities
for IE (Fig. 2). Among the major criteria, the 2023
ESC guidelines have added the definition of “imaging
positive”.  That is, the anatomical and metabolic le-
sion characteristics of valves, perivalvular/periprostheses
in IE detected by any one of the imaging techniques
such as echocardiography, cardiac computed tomography
(CT), 8F-fluorodeoxyglucose positron emission tomog-
raphy (['®F]-FDG-PET/CT) and white blood cell single
photon emission tomography/computed tomography (WBC
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Fig. 1. The pathogenesis of IE. (A) Endothelial cell injury: mechanical damage and inflammation can lead to injury of the endothelial

tissue, causing exposure to the extracellular matrix under the endothelium, which activates platelets and leads to the formation of NBTE.

(B) Bacterial entry into the blood: rheumatic heart disease, drug injection, oral infection, cardiac related device implantation, TAVI, and

prosthetic valve are all reasons for the entry of bacteria into heart through the circulatory system. (C) Vegetation formation: parts of

the protein on the bacteria’s surface can interact with platelets and endothelial cells, contributing to the colonization of bacteria in the

endocardium and non-bacterial thrombosis. IE, infective endocarditis; NBTE, non-bacterial thrombotic endocarditis; TAVI, transcatheter

aortic valve implantation. Figure created with BioRender.

SPECT/CT). However, blood cultures have a significant
false-negative rate, particularly in patients who have re-
ceived prior antibiotic therapy. Advanced imaging tech-
niques play a pivotal role in confirming the diagnosis of IE,
especially in suspected cases with negative cultures. This
review studies the latest advancements in the applications
of multimodality imaging for the evaluation of IE (Table 1,
Ref. [6-12]).

2. Native Valve Endocarditis

Native valve endocarditis (NVE) is relatively rare,
with an estimated incidence of approximately 2—10 cases
per 100,000 person-years [13]. Although it was tradition-
ally linked to rheumatic heart disease, more recent epidemi-
ological data highlight degenerative valve disease as the pri-
mary risk factor, especially in aging populations. Younger
patients are more likely to be found in low-resource set-
tings. In more developed regions, earlier interventions for
congenital heart disease (e.g., catheter-based therapies) and

intravenous drug use have led to a growing number of cases
in adolescents and young adults.

2.1 Echocardiography

Echocardiography, including both transthoracic
echocardiogarphy (TTE) and transesophageal echocar-
diography (TEE), is the first-line imaging modality in
suspected IE [14]. Due to its excellent clinical applica-
bility, non-invasiveness, and high diagnostic capability,
this technique can comprehensively assess the severity
of the disease and the risk of embolism. A systematic
echocardiographic examination can fully analyze the
characteristics of vegetations (size, shape, mobility, and
anatomical distribution), identify perivalvular complica-
tions (abscesses, pseudoancurysms, or prosthetic valve
dehiscence), and detect structural abnormalities including
intracardiac fistulas and valvular perforations, thereby
providing essential crucial morphological and functional
information for treatment decisions.
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Fig. 2. Characteristics of different cardiac lesions of IE detected by imaging modalities. Valvular lesions include valve thickening,

vegetation, and valve perforation; Perivalvular lesions include pseudoaneurysm, abscess, prosthetic valve dehiscence, and fistula. IE,

infective endocarditis. Figure created with BioRender.

Early diagnosis of IE through the identification of veg-
etations by echocardiography is of great importance. Stud-
ies have shown that the sensitivity and specificity of TEE
are 70% and 80% respectively, while those of TEE exceed
85% accuracy in both aspects [6]. The main reason for the
limited sensitivity of TTE primarily lies in its inability to
effectively detect smaller vegetations (<5 mm). The sensi-
tivity of TTE in detecting small vegetations (<5 mm) and
large vegetations (6—10 mm) is 25% and 90%, respectively
[15]. TTE performs poorly in identifying perivalvular le-
sions, while TEE has higher sensitivity and can compen-
sate for the deficiency of TTE. A meta-analysis has shown
that the sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of TEE are
97%, 88%, 97%, and 88% respectively [16]. Although TEE
has a higher sensitivity, TTE is still recommended as the
preferred imaging modality for the assessment of suspected
NVE. When the initial TTE results are inconclusive or neg-
ative but IE is highly suspected clinically, TEE should be
performed immediately. TEE provides higher spatial reso-
lution through posterior cardiac window imaging, which is
especially helpful in detecting vegetations with diameters
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of less than 5 mm. Heart failure is one of the most com-
mon complications of IE, affecting approximately 14% of
patients, and is the main cause of valve dysfunction [17].
A chest X-ray examination can rule out lung diseases with
manifestations similar to heart failure, while TTE remains
the gold standard for confirming structural abnormalities of
the heart. Common manifestations include decreased ejec-
tion fraction, ventricular dilation, and valve regurgitation
due to valve perforation [18].

Although echocardiography plays a key role in the di-
agnostic assessment of IE, it also has certain limitations,
including the high dependence on operators’ experience
and significant differences in accurately detecting pathol-
ogy. In the detection of small vegetations, perivalvular ab-
scesses, and pseudoaneurysms, the sensitivity of TTE is sig-
nificantly lower than that of advanced imaging techniques.
Therefore, in cases with atypical clinical manifestations,
other imaging techniques are often needed for diagnos-
tic confirmation [7]. Echocardiography techniques should
be selected based on individual patient conditions and in-
tegrated with other imaging examinations to improve the
overall diagnostic accuracy of complex endocarditis cases.
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Table 1. The advantages and disadvantages of different imaging modalities in diagnosing 1E.

Advantage

Disadvantage

Sensitivity

Specificity

Clinical scenarios where preferred

Echocardiography Real-time assessment of cardiac structures, b-

lood flow, and function

Satisfactory diagnostic accuracy of vegetatio-
ns (TEE > TTE)

Satisfactory diagnostic accuracy of perivalvul-
ar complications (TEE > TTE)

Convenient operation

No radiation

TTE is limited for detecting small 71% (TTE for NVE) [6];

vegetations (<5 mm)

96% (TEE for IE) [7]

Limited for detecting perivalvular 65% (TTE for PVE) [8];
complications, especially for PVE 91% (TEE for PVE) [8]

High dependence on the operato-

I’s experience

57% (TTE for CIED-IE) [10]
61% (TEE for CIED-IE) [10]

s

80% (TTE for NVE) [6];
83% (TEE for IE) [7]

86% (TTE for PVE) [9];

94% (TEE for PVE) [9]

18% (TTE for CIED-IE) [10];
47% (TEE for CIED-IE) [10]

TTE for first-line imaging modality

TEE for patients with high clinical suspici-
on for IE and a negative or inadequate TTE

CT High diagnostic accuracy of perivalvular com- Limited for detecting small vege- 85.7% (IE) [7] 83.8% (IE) [7] CT for the detection of valvular lesions
plications tations (<10 mm) and paravalvular complications in cases of
inconclusive echocardiography
CTA may replace coronary angiography in Risk of nephrotoxicity 78% (PVE) [7] 94% (PVE) [7]
preoperative patients who plan to undergo en-
docarditis surgery
Extracardiac imaging scenarios are accessi- Radiation exposure
ble, such as embolisms (hemorrhagic cerebral
complications) and abscesses (splenic, renal
and hepatic abscesses)
MRI High diagnostic accuracy of small neurologi- Low spatial resolution NA NA MRI for the screening of peripheral le-
cal lesions sions (central nervous system, myocardi-
tis) in IE patients
Detection of valvular vegetation and extension Constrained by signal voids cre-
of inflammation ated by prostheses
Functional evaluation of valve and ventricle
No radiation
I8F-FDG Applicable for detecting intracardiac infection Limited for the detection of NVE  31% (NVE) [8] 98% (NVE) [8] 18F_FDG PET/CT for detecting infectious
PET/CT lesions in cases of inconclusive echocar-

Useful in assessing extracardiac complications
High sensitivity in diagnosing PVE and CIED-
1IE

Longer time scanning

86% (PVE) [8]
72% (CIED-IE) [8]

84% (PVE) [8]
83% (CIED-IE) [8]

diography or culture-negative IE, possible
PVE and possible CIED-IE
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Table 1. Continued.

Advantage Disadvantage Sensitivity Specificity Clinical scenarios where preferred
PmTc-HMPAO  High specificity in diagnosing PVE and CIED-  Longer time scanning 86% (IE) [11] 97% (IE) [11] PmTc-HMPAO SPECT/CT is used when
SPECT/CT IE echocardiography is negative, or incon-
clusive and PET/CT is not available in pa-
tients with high clinical suspicion of PVE
Useful in assessing extracardiac infection Lower spatial resolution com-  64% (PVE) [10] 100% (PVE) [10]

pared to 18F-FDG PET/CT

Limited in detecting smaller veg-  84% (CIED-IE) [12]  88% (CIEsD-IE) [12]
etation

Requires blood handling

I8F-FDG PET/CT, '8F-fluorodeoxyglucose positron emission tomography/computed; ™ Tc-HMPAO SPECT/CT, single-photon emission tomography and computed tomography with technetium®*™-
hexamethylpropyleneamine oxime-labelled leucocytes; CIED-IE, cardiac implantable electronic device-related infective endocarditis; CT, computed tomography; CTA, computed tomography angiog-

raphy; IE, infective endocarditis; MRI, magnetic resonance imaging; NVE, native valve endocarditis; PVE, prosthetic valve endocarditis; TEE, transesophageal echocardiography.
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Fig. 3. CT characteristics of IE. (A) Valve thickening, calcification and penetrating ulcer in the aortic valve. The aortic sinus consists

of two sinuses, and the aortic valve is a bicuspid valve. There is thickening and calcification of the valve leaflets (long arrow), and a

penetrating ulcer is formed in the right coronary sinus (short arrow). (B) Vegetation, pseudoaneurysm, and leakage in aortic valve. The

aortic valve leaflets show thickening with vegetations formation (long arrow), and a pseudoaneurysm is observed on the aortic valve,

along with a large leakage between the aorta and the valve (short arrow). (C) Pseudoaneurysm with LVOT communication. A large

pouch-like structure is present in the left anterior aspect of the aortic sinus, situated above the aortic valve, with small channels observed

communicating with the LVOT (long arrow). CT, computed tomography; IE, infective endocarditis; LVOT, left ventricular outflow tract.

2.2 Cardiac Computed Tomography

Cardiac computed tomography (CCT) is an impor-
tant diagnostic tool in the management of IE, due to its
high spatial resolution (slice thickness <0.5 mm) and ad-
vanced three-dimensional (3D) multiplanar reconstruction
to precisely delineate perivalvular anatomy. This tech-
nique provides superior sensitivity regarding the detec-
tion of perivalvular abscesses, fistulous tracts, and pseu-
doaneurysms, which often evade conventional echocardio-
graphic techniques [19]. A recent study shows that CT
detected pseudoaneurysms in 14% of IE patients, while
echocardiography only detected them in 4% of IE patients
[20] (Fig. 3).

In patients with NVE, when TTE or TEE is con-
traindicated or yields inconclusive results, CCT can serve
as an important complementary diagnostic tool. A recent
study revealed that CCT exhibits moderately higher diag-
nostic accuracy than TTE and TEE, with rates of 85.7%,
50.6% and 59%, respectively. Ultimately, all three imaging
modalities together improved the diagnostic accuracy by
87.9% [7,21,22]. Cardiac computed tomography angiogra-
phy (CTA) may be used to replace invasive catheter-guided
coronary angiography in patients who undergo surgery, pro-
viding a non-invasive assessment of the coronary anatomy
and avoiding the risk of vegetation embolization [23].
In addition, IE often leads to extracardiac complications,
mainly caused by infectious embolism or systemic inflam-
matory responses. Common affected sites include the cen-
tral nervous system (CNS), kidneys, lungs, joints, and eyes
(Fig. 4). CCT can often simultaneously detect these lesions,
providing important clues for the diagnosis of IE [24]. This
comprehensive imaging approach is especially helpful in

challenging clinical scenarios, as it enables systematic eval-
uation of dominant infectious foci and has important con-
sequences for therapeutic decisions [25].

The 2023 ESC and Duke-International Society of Car-
diovascular Infectious Diseases (ISCVID) guidelines have
incorporated CCT as a major imaging modality for IE.
However, a number of important limitations must be ac-
knowledged. Low temporal resolution of CCT restricts the
detection of vegetations smaller than 10 mm and the as-
sessment of functional valvular competence [26]. Addi-
tional limitations include radiation exposure and the risk
of contrast-related nephrotoxicity, which are of particular
concern in patients with impaired renal function resulting
from low cardiac output, glomerulonephritis, or the use of
nephrotoxic antibiotics. Although these limitations exist,
CCT continues to play a vital role in assessing complica-
tions associated with IE, and it is a helpful tool when used
with caution after considering potential risks and benefits.

2.3 Magnetic Resonance Image

Cardiac magnetic resonance imaging (CMR), with its
high spatial resolution and multi-parameter imaging ca-
pabilities, can comprehensively assess the characteristics
of myocardial tissue. This technique can identify inflam-
matory congestion or edema through T2-weighted imag-
ing, detect necrosis and fibrosis through late gadolinium
enhancement (LGE), and evaluate pericardial thickening
(>4 mm) and its inflammatory activity (high signal on T2-
STIR) [27]. In the detection of myocarditis and pericardi-
tis, CMR may exhibit characteristic manifestations includ-
ing myocardial edema, late gadolinium enhancement and
pericardial effusion. Despite its superior spatial resolution,
CMR has a lower temporal resolution than echocardiogra-
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Fig. 4. The intracardiac and extracardiac complications of infective endocarditis. Figure created with BioRender.

phy and often fails to capture smaller vegetations. There-
fore, the 2023 ESC guidelines and the 2023 Duke-ISCVID
IE diagnostic criteria did not include MRI as a primary di-
agnostic criterion [26,28].

MRIis regarded as the gold standard for detecting neu-
rological complications of IE, and it is more sensitive than
CT for detecting neurological lesions, found in 60-80% of
IE cases [29]. A meta-analysis of the diagnostic efficacy
of brain MRI in 2133 patients with suspected or confirmed
IE revealed that the detection rates of acute ischemic le-
sions, cerebral microbleeds, hemorrhagic lesions, abscesses
or meningitis, and intracranial mycotic aneurysms were
61.9%, 52.9%, 24.7%, 9.5% and 6.2%, respectively [30].
In a single-center study, Papadimitriou-Olivgeris et al. [31]
found that 42% patients suspected of IE who underwent
brain imaging had neurological lesions. However, brain
MRI demonstrated limited ability to modify the diagno-
sis from rejected to possible or from possible to definite,
with 0% and 2% in asymptomatic patients with IE suspi-
cion (1% and 4% in symptomatic patients) [31]. A ret-
rospective study reached a similar conclusion, indicating
that routine MRI examination was unable to reduce mortal-
ity within 3 months in asymptomatic left-sided IE patients
[32]. Although the role of MRI in the final diagnosis of
IE is limited, its influence on treatment decisions is more
significant. Cerebral embolic events detected by MRI, re-
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sult in a change in the indication for surgery in about 20%
of patients [31], thereby helping to improve the prognosis
and reduce 6-month mortality [33]. In conclusion, MRI has
unique advantages in simultaneously evaluating complica-
tions of both the central nervous system (stroke, cerebral ab-
scesses) and cardiovascular system (myocarditis, pericardi-
tis), which contributes to its role as an important imaging
modality for comprehensive IE assessment, particularly in
complex cases requiring multiorgan evaluation.

2.4 Nuclear Imaging Techniques
2.4.1 '8F-FDG PET/CT

I8F-FDG PET/CT is a molecular imaging modal-
ity that uses the radioactive '8F-FDG to detect hyperme-
tabolic inflammatory lesions. This technique is based on
the mechanism of increased expression of glucose trans-
porter proteins (GLUTs) and elevated hexokinase (HXK)
enzymatic activity in activated immune cells (particularly
macrophages and lymphocytes), which exhibit upregulated
glycolytic metabolism during inflammatory responses. Fol-
lowing its uptake, intracellular '8F-FDG generates quan-
tifiable PET signals, thereby enabling precise localization
of infective/inflammatory lesions by mimicking the uptake
patterns of glucose [34].
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This imaging technique has high specificity but mod-
erate sensitivity, thereby serving as a complementary diag-
nostic method to echocardiography and CT scans, compen-
sating for their limitations in spatial resolution. In a re-
cent meta-analysis of 26 studies involving 1358 patients,
the sensitivity and specificity of **F-FDG PET/CT for NVE
were 31% and 98%, respectively [8]. Its ability to dis-
tinguish NVE from other diseases is limited, with an area
under the receiver operating characteristic (ROC) curve of
0.609 for NVE [35]. However, if '8F-FDG PET/CT indi-
cates evidence of intracardiac infection, it has high predic-
tive value for diagnosis, especially when other examination
methods such as echocardiography cannot provide defini-
tive results.

18F_-FDG-PET/CT cannot only evaluate intracardiac
lesions but can also simultaneously detect extracardiac
complications such as mycotic aneurysms and septic emboli
[36]. In patients suspected of NVE, this technique identi-
fies systemic embolic events in 42% of cases, thereby en-
hancing its diagnostic accuracy compared with echocardio-
graphy alone [35]. By reclassifying certain cases as “def-
inite IE”, 18F-FDG-PET/CT supports clinicians in mak-
ing decisions and accelerating the initiation of treatment,
thus improving patient prognosis [37]. A multimodal imag-
ing approach, integrating echocardiography, CT, MRI, and
targeted organ-specific techniques, enables comprehensive
evaluation of both intracardiac and extracardiac IE-related
complications (Fig. 3).

Nevertheless, the diagnosis of IE remains challenging
in the presence of co-infections, other inflammatory dis-
eases, or malignancies. As a result, a qualitative scoring
system with semi-quantitative methods to assess hyperme-
tabolism of the spleen or bone marrow (HSBM) has been
proposed to enhance the suspicion of IE. This scoring sys-
tem consists of a four-point score model (0 = no focal car-
diac uptake; 1 = focal cardiac uptake < blood-pool activity;
2 =blood-pool < focal cardiac uptake < liver activity; 3 =
focal cardiac uptake > liver), and is combined with HBSM
(bone marrow or spleen-to-liver ratio >1) [38]. Philip et
al. [39] proposed that diffuse splenic uptake in '8F-FDG
PET/CT may become a novel diagnostic indicator for NVE,
with a specificity of 83.3%. The diagnostic efficacy of *8F-
FDG PET/CT is constrained by its relatively low spatial
resolution (approximately 5 mm), which restricts its abil-
ity to detect smaller lesions. False-negative results may
also occur in patients with prior antibiotic exposure [40], as
well as in scenarios of attenuated inflammatory responses
or biofilm formation—the latter causing reduced metabolic
activity and subsequent diminished *F-FDG detection ac-
curacy.

2.4.2 PmTc-HMPAO-SPECT/CT

Similar to 8F-FDG PET/CT, single-photon
emission tomography and computed tomography with
technetium’®™-hexamethylpropyleneamine oxime-labelled

leucocytes (*™Tc-HMPAO-SPECT/CT), also known as
WBC SPECT/CT, is a hybrid molecular imaging modality
that integrates SPECT and CT. This technique labels
autologous leukocytes using ?°"Tc-HMPAO and takes
advantage of its natural chemotactic property of migrat-
ing to infectious/inflammatory lesions. The synergistic
combination of SPECT 3D tomographic imaging and CT
anatomic co-registration enables precise localization of IE
vegetations and metastatic abscesses. This modality has
functional imaging capability at the molecular level and
can conduct a comprehensive assessment of multi-organ
involvement throughout the body in a single examina-
tion. Its unique strength lies in early IE detection, and is
especially advantageous in early diagnosis [41].

9mTc-HMPAO-SPECT/CT demonstrates a superior
performance in the diagnosis of IE, with a sensitivity
of 90% and a specificity of 100% [42]. In a head-to-
head comparison study between TTE and **™Tc-HMPAO-
SPECT/CT (N = 40), the latter demonstrated better diag-
nostic ability: PPV improved from 46% in TTE to 81% in
SPECT/CT, and the specificity increased from 42% to 88%.
Most importantly, this modality provides additional diag-
nostic value under the modified Duke criteria. By identify-
ing latent paravalvular uptake lesions, it reclassified 27% of
misclassified “possible IE”, thereby optimizing therapeutic
decision-making [43].

However, this method also has limitations. %*™Tc-
HMPAO-SPECT/CT involves longer scanning times and
requires multiple imaging acquisitions. Furthermore, its
imaging quality may be affected by factors such as neu-
tropenia and smaller lesions, and its spatial resolution is
lower than that of '8F-FDG PET/CT [44]. Among patients
receiving antibiotic treatment, the false-negative rate may
increase, decreasing the diagnostic accuracy and possibly
misdiagnosing non-IE patients [45]. Thus, **™Tc-HMPAO-
SPECT/CT is currently mainly used as a supplementary ex-
amination method and further research is needed to verify
its clinical value.

3. Prosthetic Valve Endocarditis

Prosthetic valve endocarditis (PVE), refers to the in-
vasion of prosthetic heart valves or surgically reconstructed
native valves by infectious miccroorganisms, accounting
for 20% to 30% of all cases of IE. Among patients under-
going prosthetic valve replacement surgery, the incidence
rate is 1%—6%, equivalent to 0.3%—1.2% per patient-year.
PVE can be classified into early (within 12 months post-
implantation) and late (more than 12 months) phases. Early
PVE is predominantly caused by perioperative contamina-
tion, often involving the sewing ring and annulus, accompa-
nied by complications such as paravalvular abscesses, pros-
thesis dehiscence, and pseudoaneurysms. In contrast, late
PVE is pathophysiologically similar to NVE. The pathogen
spreads through the bloodstream to the high-flow-velocity
areas of the valve. Although the onset is later, it can cause
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Fig. 5. 3D TEE detection of mechanical valve vegetation. 3D TEE indicates the formation of vegetation (white arrow) on the mechani-

cal valve of the mitral valve. (Left) The 2D views show vegetation on the surface of the mechanical valve. (Right) The 3D view shows the

formation of vegetation on the mechanical valve. 3D, three-dimensional; 2D, two-dimensional; TEE, transesophageal echocardiography;

LA, left atrium; LV, left ventricle.

similar tissue destruction [26]. Due to the difficulty in diag-
nosis and complexity of therapeutic interventions, the prog-
nosis of PVE is usually poor.

Echocardiography is the preferred imaging diagnostic
modality for PVE, which can effectively identify valvular
lesions and peri-valvular complications, such as abscesses,
dehiscence, and paravalvular infections (Figs. 5,6,7). In the
early postoperative period, attention should be paid to pos-
sible anatomical variations, such as edema-related changes,
which may mimic pathological findings [23]. TEE is supe-
rior to TTE in terms of sensitivity (91% vs 65%), and its
advantage mainly lies in being less susceptible to the inter-
ference of prosthetic valve artifacts. Among patients with
suspected PVE, the NPV of TTE and TEE were both rela-
tively high, ranging from 86% to 94% [9]. Furthermore,
compared with two-dimensional (2D) TEE, 3D TEE can
provide more comprehensive images of cardiac structures
and has higher diagnostic value in the analysis of valvular
lesions [46].

CCT performs better in identifying prosthetic valve ar-
tifact lesions compared to TEE. A clinical study has shown
that after incorporating CCT into routine diagnostic evalu-
ation, it can change the treatment decisions of 21% of cases
by more accurately identifying perivalvular abscesses and
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valve dehiscence [47]. Whole-body CT can also detect ex-
tracardiac complications, which is helpful for comprehen-
sive diagnosis [20]. Therefore, CT, as a powerful supple-
ment to the preliminary assessment of echocardiography,
provides more comprehensive information for a thorough
assessment.

Unlike MRI, '®F-FDG PET/CT has significant advan-
tages in the diagnosis of IE, especially PVE. Recent meta-
analyses have confirmed its diagnostic efficacy. The sen-
sitivity of PVE is 86% and the specificity is 84% [8]. The
combined use of *¥F-FDG PET/CT and echocardiography
can increase the diagnostic sensitivity of PVE from 65% to
96% [41]. After combining this molecular imaging tech-
nique with the modified Duke criteria, the diagnostic sensi-
tivity can be increased from the original 52—70% to 91-97%
[48]. Therefore, the 2023 ESC and Duke-ISCVID guide-
lines have included it as one of the main diagnostic criteria.

Compared with 8F-FDG PET/CT, *™Tc-HMPAO-
SPECT/CT technology is more accessible but has lower
spatial resolution and sensitivity due to its inherent techni-
cal limitations [41]. A comparative study showed that *F-
FDG PET/CT had a higher sensitivity in IE detection (93%
vs. 64%), while *™Tc-HMPAO-SPECT/CT has an advan-
tage in specificity (100% vs. 73%) [10]. The high speci-
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Fig. 6. TEE detection of bioprosthetic valve paravalvular leak. TEE shows paravalvular leakage (white arrow) of bioprosthetic mitral

valve in mid-esophageal view. TEE, transesophageal echocardiography.
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Fig. 7. TEE detection of mechanical valve abscess. TEE mid-esophageal view suggests mitral valve mechanical valve abscess forma-

tion (white arrow). TEE, transesophageal echocardiography; RA, right atrium.
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Fig. 8. TTE detection of CIED-IE valve vegetation. TTE shows moderately echogenic vegetation (white arrow) attached to the

pacemaker lead in the right ventricular inflow tract view. CIED-IE, cardiac implantable electronic device-related infective endocarditis;

TTE, transthoracic echocardiography; RV, right ventricle.

ficity of ™ Tc-HMPAO-SPECT/CT may be related to its
utilization of the mechanism of radioactive-labelled leuko-
cyte accumulation, thereby avoiding confounding inflam-
mation that may mimic the presentation of 'F-FDG up-
take in IE [49]. A meta-analysis showed that the pooled
sensitivity of *"Tc-HMPAO-SPECT/CT in diagnosing IE
was 86% (95% CI, 77%-92%), and the specificity was 97%
(95% CI, 92%-99%) [11]. Therefore, in clinical scenarios
where PET/CT technology is unavailable, ™ Tc-HMPAO-
SPECT/CT is a feasible alternative option [26].

4. Cardiac Device Related IE

Cardiac implantable devices are widely used in the
treatment of cardiovascular diseases and can effectively
prevent the progression of disease. With the extension of
average life expectancy and the increase in the aging pop-
ulation, the proportion of cardiac implantable electronic
device-related infective endocarditis (CIED-IE) in all cases
of IE rose from 1.7% in 2003 to 4.8% in 2017 [50]. This
trend has imposed a heavy burden on healthcare systems,
highlighting the importance of early diagnosis of CIED-IE.

4.1 ICD Related Infection

Implantable cardioverter defibrillator (ICD) infections
are mainly divided into two types: pocket infections and
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systemic infections. IE is a significant manifestation of
systemic infections [51]. Such infections usually originate
from the subcutaneous pocket and then spread along the de-
vice leads, eventually affecting the intracardiac portions of
the lead that come into contact with the right atrium, tricus-
pid valve, or right ventricle. This process often manifests
as the formation of lead vegetations and/or adjacent valvu-
lar vegetations. These structures are the key criteria for the
diagnosis of CIED-IE.

Echocardiography plays a critical role in the diagno-
sis of CIED-IE. Studies show that approximately 50% of
CIED-IE patients exhibit echocardiographic evidence of
valvular vegetations, most commonly on the tricuspid valve
(Fig. 8) [51]. TEE is superior to TTE in the diagnostic
evaluation of CIED-IE. Tricuspid valves or lead vegeta-
tions can be detected in 61% of cases with TEE, but in only
57% with TTE . In addition to the identification of vege-
tations, TEE can also visualize the leads within the prox-
imal superior vena cava, a region that is often obscured
by TTE. In patients with persistently positive blood culture
but negative TTE and TEE findings, intracardiac echocar-
diography (ICE) may be considered for further diagnosis.
ICE is widely utilized in the diagnosis of CIED-IE and can
more effectively delineate the intracardiac structures. Stud-
ies have shown that ICE is more sensitive than TEE in de-

11


https://www.imrpress.com

tecting smaller or atypically located lesions [52]. Narducci
et al. [53] conducted a comparative study of TEE and ICE
in 162 CIED-IE patients, and found that the diagnosis of
ICE was significantly higher than that of TEE. ICE can be
a substitute for TEE especially in patients with esophageal
cancer or those in whom cardiac structures need to be eval-
uated prior to lead extraction. Although ICE has high spa-
tial and temporal resolution, its main limitation lies in its
invasiveness. Due to the risk of complications, it is recom-
mended to give priority to ICE in patients with who already
have established vascular access [54].

8F_-FDG PET/CT has emerged as a valuable tool for
diagnosing inflammation and infectious diseases. Multiple
studies have confirmed the effectiveness of this modality
in the diagnosis of CIED-IE. A meta-analysis involving 26
studies showed that its sensitivity was 72% and specificity
was 83% [8]. In addition to assessing intracardiac infec-
tion, this technique can also identify foci of extracardiac
infections such as vertebral osteomyelitis, lower extremity
abscesses and septic arthritis, thereby serving as a power-
ful supplementary diagnostic modality [55]. The 2023 ESC
and Duke-ISCVID guidelines have formally integrated '3F-
FDG PET/CT into the imaging diagnostic framework of
IE and listed its metabolic imaging signatures (such as ab-
normal uptake of device leads or valvular structures) as
the major diagnostic criteria for IE. For patients suspected
of CIED-IE, TTE and TEE remain the first-line imaging
modalities. When the TEE result is inconclusive or fails to
confirm the diagnosis, it is recommended to use '*F-FDG
PET/CT as a supplementary imaging method to improve the
diagnostic accuracy and locate the focus of infection.

99mTc-HMPAO-SPECT/CT demonstrates unique clin-
ical value in the diagnosis and risk stratification of CIED-
IE. The diagnostic accuracy of this modality is relatively
high, with a reported sensitivity of 84%, specificity of 88%,
NPV of 93%, and PPV of 74% [12]. Its exceptional NPV
helps to effectively exclude CIED-IE and reduce diagnostic
uncertainty. After being included in the modified Duke cri-
teria, the proportion of the “possible CIED-IE” classifica-
tions decreased from 49.5% to 37%, significantly improv-
ing the diagnostic accuracy [12]. In addition to its diagnos-
tic value, this technique also has prognostic significance:
its positive results correlate with elevated mortality during
hospitalization, increased complications, and an increased
likelihood of definite removal of the cardiac implanted de-
vice [56].

4.2 Ventricular Assist Device Infection

Ventricular assist devices (VAD) are used as a bridge
to recovery in patients with heart failure, can serve as sup-
portive treatment during heart transplantation, or as des-
tination therapy for end-stage heart failure. VAD therapy
can be used as a left ventricular assist device (LVAD), right
ventricular assist device (RVAD), and biventricular assist
device (BiVAD). Currently, LVAD-related infection is the
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most common and serious complication, affecting approx-
imately 20—40% of patients, and often develops into sepsis
within 1-2 years after implantation [57].

Recent research has shown that the nuclear imaging
technique plays an important role in this field. A small non-
randomized study reported that WBC SPECT/CT demon-
strated outstanding accuracy in diagnosing LVAD infection
[58]. Similarly, *®F-FDG PET/CT shows a high sensitiv-
ity (82-97%) and variable specificity (24-99%) in infec-
tion detection [59]. '®F-FDG PET/CT is also of great sig-
nificance in guiding treatment strategies. Sohns et al. [60]
demonstrated that patients who underwent surgical repair
surgery within 3 months after PET/CT had significantly
fewer hospitalizations during subsequent follow-up than
those who received delayed intervention.

However, current evidence in VAD-related infection is
predominantly from retrospective studies, and there is still
a lack of multicenter randomized prospective trials to verify
its diagnostic and prognostic value. Therefore, it is neces-
sary to carry out large-scale and prospective clinical trials to
further establish the role of this type of imaging technology
in the diagnosis and management of VAD infection.

5. Transcatheter Prosthetic Valve
Endocarditis

With the wide application of transcatheter aortic valve
implantation (TAVI), also known as transcatheter aortic
valve replacement (TAVR), the incidence of TAVI-related
IE (TAVI-IE) has also significantly increased. TAVI deliv-
ers a bioprosthetic valve via a catheter to replace the dis-
eased aortic valve. Compared with open, invasive surgical
techniques, TAVI is less invasive, results in a shorter post-
operative recovery time, and has fewer postoperative com-
plications [26].

Although echocardiography remains the first-line
imaging modality for suspected TAVI-IE, its diagnostic ef-
ficacy is significantly inferior to that of NVE or PVE.
The main limitations include the lack of surgical anatom-
ical landmarks (e.g., sewing rings) and acoustic shadowing
caused by the metallic stent. Even with TEE, smaller vege-
tations cannot be detected in 38%—60% of cases [61]. *8F-
FDG PET/CT and CTA have been proven to be important
ancillary methods, which can identify abnormal metabolic
activity or periprosthetic lesions, thereby reclassifying and
diagnosing PVE in 33% of cases [62].

Similar to TAVI, transcatheter pulmonary valve im-
plantation (TPVI) is a surgical procedure in which a pros-
thetic valve is implanted in the pulmonary valve via a
catheter without the need for a thoracotomy. It is often
used to treat patients with pulmonary valve insufficiency
or structural abnormalities. The diagnosis of IE after TPVI
is complex. When the results of TTE or TEE are nega-
tive, but there is a high clinical suspicion of infection, inte-
grating ICE and '8F-FDG PET/CT has important diagnos-
tic value, especially in identifying perivalvular abscesses
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or distant infections [63]. The main pathogens of IE af-
ter TPVI are Staphylococcus aureus and streptococci (e.g.,
Streptococcus mitis, S. sanguinis), suggesting that the infec-
tion mostly originates from hematogenous dissemination in
the mucosal areas or oral cavity.

6. Conclusions

Multimodality imaging techniques play an important
role throughout the entire process of diagnosis and treat-
ment of IE, including the diagnosis, risk assessment, treat-
ment monitoring and prognosis. Echocardiography is the
preferred primary screening method and is applicable to
most suspected cases. CT performs superiorly in identify-
ing perivalvular abscesses and pseudoaneurysms; MRI is
extremely sensitive to systemic embolism and changes in
myocarditis. '8F-FDG PET/CT can more accurately locate
the foci of infection in prosthetic valves and cardiac im-
plant devices. With the continuous advancement of medical
technology, the imaging diagnosis of IE is moving towards
a new stage of multimodality integration. Future research
will focus on developing specific molecular tracers target-
ing bacterial metabolic pathways or cell membrane compo-
nents, such as '!C-para-aminobenzoic acid and 2-['®F]F-
p-aminobenzoic acid PET tracers, which have been shown
to have selective uptake of pathogenic microorganisms and
are expected to be more frequently used as diagnostic tools
in IE [64,65]. By integrating imaging results with clinical
parameters, characteristic lesions can be quickly identified
with the help of machine learning, and models for predict-
ing disease progression and treatment outcomes can be con-
structed. This trend will promote the development and eval-
uation of new IE imaging techniques, resulting in more ac-
curate diagnosis of IE, which will contribute to improved
patient outcomes [66].
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